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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a fluoroeiastomer which has iodine atoms as 
crosslinking sites, is peroxide-vulcanizable, and can give a vulcanizate excellent in heat 
resistance by polymerizing a fiuoroolefin in the presence of a diiodide compd. 
SOLUTION: A 2-8C fiuoroolefin is polymerized in the presence of a diiodide compd. 
represented by the general formula: l-R-l (wherein R is a divalent fluorohydrocarbon, 
chlorofluorohydrocarbon, or hydrocarbon group) and 2,2- difluoroiodoethylene to give a 
fluoroeiastomer. Examples of the 2-8C fiuoroolefin are vinylidene fluoride, hexafiuoropropene, 
tetrafluoroethylene, or their mixtures. An olefin, a vinyi compd., etc., may be copolymerized, if 
necessary. The diiodide compd. is pref. 1 ,4-diiodoperfluorobutane and is used in an amt. of 
0,G3-0.3mol% of the fiuoroolefin. 
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* NOTICES * 

JPO and INPST are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim IJgeneral formula l-R-l (here - R - a divalent fiuoro hydrocarbon group.) a chlorofluoro 
hydrocarbon group or a hydrocarbon group - it is -- the polymerization reaction of the 
fluorination olefin of the carbon numbers 2-8 is carried out under existence of a JIAIODAIDO 
compound and 2,2-difluoroiodoethylene which are expressed. A manufacturing method of 
fluorine-containing elastomer in which peroxide vulcanization is possible. 
[Claim 2}A fluorine-containing elastomer constituent containing fluorine-containing elastomer 
and organic peroxide which were obtained by claim 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionlThis invention relates to the manufacturing method of fluorine-containing 
elastomer. It is related with the manufacturing method of the fluorine-containing elastomer to 
which copolymerization of the cross-linking monomer new type was carried out in detail and in 
which peroxide vulcanization is possible. 
[0002] 

[Description of the Prior ArtjSince the peroxide vuicanizate of fluorine-containing elastomer is 
excellent in chemical resistance and a mechanical property, is a point of basicity-proof additive 
agent nature and is especially excellent, it is widely used for an autoparts use etc. increasingly 
in recent years. For peroxide vulcanization, the fluorine-containing elastomer which has iodine, 
bromine, or these both as a point constructing a bridge is used (JP, 53-4115, B, JP, 1-57126,6, 
JP,61-55138,A, JP,7-316234,A, etc.). 

[0003]However, while the fluorine-containing elastomer which generally has iodine as a point 
constructing a bridge has the advantage that vulcanization speed is large, as compared with 
fluorine-containing elastomer containing bromine or bromine, and iodine, it has the fault of 
being inferior to heat resistance. Such a tendency especially is notably accepted to the 
fluorine-containing elastomer which iodine has combined with the copolymer molecule end. 
[0004] 

[Problem(s) to be Solved by the InventionjThe purpose of this invention is fluorine-containing 
elastomer which has iodine as a point constructing a bridge and in which peroxide 
vulcanization is possible, and there is in providing the manufacturing method of the fluorine- 
containing elastomer which can give vuicanizate excellent in heat resistance, 
[0005] 

[Means for Solving the Problemjthe purpose of this this invention - general formula l-R-l (here 
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-- R - a divalent fluoro hydrocarbon group.) a chiorofiuoro hydrocarbon group or a 
hydrocarbon group - it is - it is attained by carrying out the polymerization reaction of the 
fluorination olefin of the carbon numbers 2-8 under existence of a JIAIODAIDO compound and 
2,2~difluoroiodoethylene which are expressed, and manufacturing fluorine-containing 
elastomer. 
[0008] 

[Embodiment of the InventionjAs a fluorination olefin of the carbon numbers 2-8, Vinylidene 
fluoride, a hexafluoro propene, tetrafluoroethylene, A kind is used for chlorotrifluoroethylene, 
perfluoro (methyl vinyl ether), etc, at least, For example, a fluoridation vinylidene-hexafluoro 
propene copolymer, fluoridation vinylidene-hexafluoro propene-tetrafluoroethylene the 
copolymer of 3 yuan, Fluorine-containing elastomer, such as fluoridation vinylidene- 
tetrafluoroethylene perfluoro (methyl vinyl ether) copolymer of 3 yuan, and a 
tetrafluoroethyiene perfluoro (methyl vinyl ether) copolymer, is made to form. Copolymerization 
of an olefin, the vinyi compound, etc. can be carried out further if needed. 
[0007]When manufacturing these fluorine-containing elastomer, a polymerization reaction is 
performed under existence of the JIAIODAIDO compound and 2,2-difluoroiodoethylene which 
are expressed with general formula l-R-l. 

[0008]As a JIAIODAIDO compound, for example 1 ,2-diiodo perfluoro ethane, 1 ,3-diiodo 
perfluoro propane, 1 ,4-diiodoperf!uorobutane, 1 ,6-dtiodo perfluorohexane, 1 ,8-diiodo perfluoro 
octane, etc. are mentioned, and 1 ,4-diiodoperfluorobutane is used preferably, these 
JIAIODAIDO compounds receive a fluorination olefin monomer - about 0.01-0 J-mol % ~ it is 
preferably used at about 0.03-0.3-mol% of a rate, in the using rate not more than this, if the • 
molecular weight of the copolymer obtained becomes high, processabiiity comes to get worse 
and it is used at a rate beyond this on the other hand, the molecular weight of a copolymer 
becomes low too much and processabiiity, such as roll kneading nature, not only gets worse, 
but the heat resistance of vulcanizate will come to fall. 

[OGQffjmoreover - 2,2-difluoroiodoethyiene receives a fluorination olefin monomer - about 
0.01-5-mol % -- it is preferably used at about 0.03-1. 5~moi% of a rate, and is preferably used 
by about 1 to 5 times as many mole ratios about one to 10 times to a JIAIODAIDO compound. 
Even if the using rate to a fluorination olefin monomer cannot make effective cross-linking 
radical weight form but carries out copolymerization at a rate beyond this on the other hand, an 
exceptional improvement of the heat resistance beyond it or mechanical properties is not 
accepted, but it is uneconomical at less than this. 

[0010]The 2,2-difluoro-2-chloroethyi iodide used here is obtained by making an iodine chloride 
react to vinylidene fluoride (J. Org. Chem. the 1661st volume [ 23rd ] page, 1958). 
CF 0 =CH 2 +ICI -> CF 2 CICH 2 I [0011]Thls reaction is performed also under ordinary pressure 

and it is carried out by carrying out bubbling of the vinylidene fluoride gas into the fluid ICI in 
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that case. The system of reaction can be sealed and these both can also be made to react 
under decompression. About 0-120 ** of reaction temperature [ about 10-70 ** of ] is about 20- 
50 ** still more preferably preferably. Below about 10 **, reaction velocity is slow and, on the 
other hand, a possibility that a reaction occurs rapidly or evaporation of output may take place 
is seen above about 70 **. 

[00l2jThe acquired resultant is carrying out the dark color and, generally decolorization of that 
is performed under alkaline conditions using a water-soluble reducing agent in an aquosity 
medium. As a water-soluble reducing agent, water-soluble sulfite salt, such as sodium sulfite, 
potassium sulfite, ammonium sulfite, and calcium sulfite, is used, for example. 
[0013]With such water-soluble sulfite salt, for example Sodium hydroxide, a potassium 
hydrate, Alkaline substances, such as ammonium hydroxide, calcium hydroxide, sodium 
carbonate, potassium carbonate, ammonium carbonate, disodium hydrogenphosphate, 
potassium phosphate, sodium tetraborate, and potassium citrate, are used. 
[0014]Thus, if the decolorized output is dried using P 2 0 5 , MgSO,, and a molecular sieve, 2,2- 

difluoro-2-chloroethyl iodide can be obtained with the good yield of not less than about 90%. 
[0015]The dehydrochlorination-ized reaction of 2,2-difluoro-2~chloroethyl iodide is performed 
under existence of quarternary ammonium salt, the 4th class phosphonium salt or crown ether, 
and alkali. Generally as the 4th class salt, a chloride, a bromide, an iodide, hydroxide, a 
sulfuric acid hydride, etc. are used. 

[001 6] As the suitable 4th ciass salt, for example A tetramethyiammonium star's picture, A 
tetrabutylammonium star's picture, benzyl tributyl ammoniumchloride, Benzyl triethyl 
ammoniumchloride, a benzyl triethyl ammonium star's picture, Tetrabutylammonium hydroxide, 
tetrabutylammonium hydrogen sulfate, a tetrabutyiphosphonium star's picture, a tetrapropyl 
phosphonium star's picture, etc. are mentioned. 

[0017]As crown ether, the 1 2-crown 4, the 1 5-crown 5, the 1 8-crown 6, the dibenzo-18-crown 
6, the 21 -crown 7, and 24-crown 8 grade are used, for example. 

[0018]These the 4th class salts or crown ether is used with a general catalyst amount to 2,2- 
difluoro-2-chloroethyl iodide. As alkali as a dehydrochlorination-ized agent, a potassium 
hydrate, sodium hydroxide, etc. are used as solution at a rate of 1 Eq or more to 2,2-difluoro-2- 
chloroethyl iodide, for example. 

[0019]About 0-150 ** of dehydrochlorination-ized reactions [ about 50-100 ** of] using these 
catalysts are preferably performed at the temperature of about 90-100 ** still more preferably. 
Below about 50 **, reaction velocity is quite slow, and, on the other hand, decline in yield is 
seen above about 100 **. 

[0020] It is preferred to perform this reaction under coexistence of a polar solvent. As a polar 
solvent, acetone, methyl ethyl ketone, dioxane, a tetrahydrofuran, methanol, ethanol, acetic 
acid, etc. are used, for example, and dioxane is used preferably. Even if it makes it react under 
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existence of a polar small solvent like saturated hydrocarbon, an object can be obtained with 
good yield. In this case, a water layer (alkali layer) and an organic layer carry out a slice, and 
form the uneven two-layer system of reaction. The decalin etc. which have the boiling point 
higher than reaction temperature as a solvent used here are fond, and it is used. 
[0021 ]A pure object can be obtained by catching in the trap besides the system which cooled 
this at -10 **, and distilling it with advance of a reaction, since the 2,2-difluoroiodoethylene of 
40-42 ** of boiling points generates. 

[0022]Although a copolymerizatlon reaction can be performed by the arbitrary polymerizing 
methods, such as an emulsion polymerization, a suspension polymerization, solution 
polymerization, and mass polymerization, it raises a degree of polymerization and its emulsion 
polymerization method is preferred from the field of economical efficiency. An emulsion- 
polymerization reaction makes a catalyst the redox system of water-soluble inorganic 
peroxides, such as ammonium persulfate, or it and a reducing agent, Perfluoro octanoic acid 
ammonium, perfluoro heptanoic acid ammonium, Those mixtures, such as perfluoro nonanoic 
acid ammonium and perfluoro oxy alkyl carboxylic acid ammonium, Perfluoro octanoic acid 
ammonium is preferably used for an emulsifier, and, generally about zero to 5 MPa and the 
temperature of about 0-100 ** are preferably carried [ about 10 or less MPa of pressures ] out 
under about 50-80 ** conditions. In order to adjust pH within a polymerization system in that 
case, electrolyte matter or NaOH etc. which has buffer capacity, such as Na 2 HP0 4 , NaH 2 P0 4> 

and KH 2 P0 4> may be added and used. 

[0023]The obtained fluorine-containing elastomer is limiting viscosity etasp/c (among methyl 
ethyl ketone). Although 35 ** has a value of about 0.5 to 2 d!/g preferably and can vulcanize 
conventionally about 0.1 to 3 di/g by publicly known various vulcanization methods, for 
example, the peroxide vulcanizing method, the polyamine vulcanizing method, the polyol 
vulcanizing method, etc., a bridge is preferably constructed with organic peroxide. 
[0024jAs organic peroxide, for example 2,5-dimethyi- 2,5-bis(tert-butyiperoxy)hexane, The 2,5- 
dimethyl- 2,5-bis(tertiary butyl PIOK!SHi)hexyne- 3, benzoyl peroxide, Bis(2, 4- 
dichlorobenzoyl)peroxide, JIKUMIRU peroxide, JS tertiary butyl peroxide, tertiary butyl cumyl 
peroxide, tertiary butyl par oxybenzene, 1 , 1 -bis(tert-butylperoxy )-3 , 5, and 5- 
trimethylcyciohexane, 2,5-dimethylhexane 2,5-dihydroxy peroxide, alpha, alpha'-bis(tert- 
butylperoxy)-p-diisopropylbenzene, 2,5-dimethyi- 2,5-J! (benzoyiperoxy) hexane, the 3rd 
butylperoxyisopropyl, etc. are used. 

[0025]ln the peroxide vulcanizing method these organic peroxide is used. As a co-cross-linking 
agent, usually, a polyfunctional unsaturated compound, for example, Tori (meta) allyl 
isocyanurate, Tori (meta) allyl cyanurate, triailyl trimellitate, N, N'-m-phenylene bis maleimide, 
Diallyl phthalate, tris (diaryl amine)-s-triazine, a phosphorous acid triaryl, 1 ,2-polybutadiene, 
ethylene glycol diacryiate, diethylene glycol diacrylate, etc. are used together. 
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[0028]Each ingredient of the more than blended with a peroxide vulcanization system, 
Generally organic peroxide is a rate of about 0.5 to 3 weight section preferably about 0.1 to 5 
weight section per fluorine-containing elastomer 100 weight section, and a co-cross-linking 
agent is preferably used at a rate of about 0.5 to 5 weight section about 0.5 to 10 weight 
section, respectively. 

[0027]ln the constituent which consists of each of above-mentioned ingredients, inorganic 
fillers, such as carbon black and silica, Acid-accepting agents, such as an oxide of divalent 
metal, such as ZnO, CaO, Ca(OH) 2> MgO, and PbO, hydroxide, or a synthetic hydrotalcite, 

Processing aid, such as polyethylene-glycol monornethyl ether and crown ether, a plasticizer, 
stabilizer, paints, and other required combination drugs are biended suitably. 
[0028]The fluorine-containing elastomer obtained by this invention, Other substances which 
have peroxide cross-linking, for example, silicone oil, Silicone rubber, fluoro silicone rubber, 
fluoro phosphazene rubber, it can blend with an ethylene-vinylacetate copolymer, an ethyiene- 
acrylic ester copolymer, ethylene-propylene (- diene) copolymerization rubber, acrylonifriie 
butadiene copolymerization rubber, acrylic acid Estergom, etc., and a joint use pons can be 
carried out. 

[0029]Preparation of a constituent is performed by kneading using 2 rolls, a kneader, a 
Banbury mixer, etc., and bridge construction of that is performed by heating for about 2 to 30 
minutes at about 140-220 **. in order to raise a mechanicai property according to a use, 
secondary vulcanization may be performed in the about 180-230 ** air for about several hours. 

[0030] 

[Effect of the InventionJFIuorine-containing elastomer concerning this invention is vulcanization 
by organic peroxide, and gives the vulcanizate which has good heat resistance. This fluorine- 
containing elastomer gives the cross-linking constituent excellent in flowability and molding 
workability. 
[0031] 

[ExamplejNext, this invention is explained about an example. 

[0032]Reference example 1 (1) 28-29 ** fluid ICS 162g (1 mo!) was taught to the reaction 
vessei, and bubbling of the vinyiidene fluoride gas was carried out there. Temperature 
continued bubbling of vinyiidene fluoride until consumption of vinyiidene fluoride stopped 
happening any longer, having fallen at 22-24 ** immediately, and maintaining this temperature. 
The solution in which 5-g Na 2 S0 3 and Na 2 C0 3 were dissolved, respectively washes the 

obtained dark-colored reaction mixture in 100 ml of water after ending reaction, It was made to 
dry by rinsing and MgS0 4 and 209g (92.5% of yield) of 2,2-difluoro-2-chloroethyl iodide of not 

less than (based on gas chromatography) 98% of purity was obtained. 
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[00331(2) 33.9 g (0.15 mo!) of the 2,2-dif!uoro-2-chloroethy! iodide obtained above (1), ft adds 
into 28 ml of 70 ** 60-% of the weight potassium hydroxide solutions in which a 0.7-g 
teirabutylammonium star's picture (2.1 miliimol} was dissolved, and heating flowing back was 
carried out under stirring conditions, distilling off simultaneously the fraction of not less than 
80-90 ** of boiling points. As for the reaction, it was checked with generating of gas that this 
gas is vfnylidene fluoride from the data of a mass spectrum. 

MS(s/z, %) :64(Mr 100 

630H£T 15 

45(M-?r 50 

44 Mr 25 

33(CBF Z ) T 30 

31 (CF)* 32 

[0034j-The contents brought together in a 10 ** trap were redistilled after drying by MgS0 4 , 

and they were fractionated in 1.7 g of starting materials (2,2-difluoro-2-chloroethy! iodide) of 
7.6 g of 2,2-difluoroiodoethylene of 40-42 ** of boiling points, and 92-94 ** of boiling points. 
The yield of the object which deducted a part for a starting material was 28%. 
[0035]An ultimate analysis value. (C 2 HF 2 !) : C: 12.74% of actual measurement, H:0.58%, 

C: 12.63% of F: 19.98% calculated value, H:0.53%, and F:20.00% NMR-spectrum (internal 
standard; tetramethy!si!ane):4.3dJ H f . (trans) =24Hz 19 F-NMR(intemal standard; 

ms(h/z, i) ■. many 100 
i7iai-pr 5 

159(CHFI) + 1 

146 OF)* 2 

140(CHJ) + 8 

127(1)* 20 

63(CHF,r 25 

44<C s HF) t 4 

CF 3 COOH):0.5dd(F-trans)-4.5d(F-cis) J £ p =28Hz 31(CFr 7 

[0036]The 2,2-difluoro-2-chloroethy! iodide 22.6g (0.1 mol) obtained by the reference example 

2 reference example 1 (1), 18-crown 6 The mixture of 0.5 g (1 .9 millimol) and 30 ml of 60-% of 
the weight potassium hydroxide solutions was flowed back slowly, and the trap cooled at -10 ** 
was made to distill volatile matter, trap contents (****** - the starting material of the amount of 
traces is contained in the pure object) were dried by MgS0 4 - it back-redistilled and 7.4g (39% 

of yield) of 2,2-difluoroiodoethylene of 40-42 ** of boiling points was obtained. 

[0037]The 2,2-difluoro-2-chioroethyl iodide 50g (0.22 mo!) obtained by the reference example 

3 reference example 1 (1), The mixture of the potassium hydroxide solution made to dissolve a 
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100-g potassium hydrate in 60 ml of water, 25 ml of dioxane, and the 18-crown 60.75g (2,8 
miliimof) was stirred at the temperature of 80-90 **, and the trap cooled at -10 ** was made to 
distill volatile matter. Divided the organic layer of trap contents, it was made to dry by MgS0 4> 

and the object / starting material / dioxane (composition ratio 44.6:46.5:8.9 by gas-liquid 
chromatography) mixture 43g was obtained. This mixture was distilled further and 18.1 g was 
obtained for the 2,2-difluoroiodoethylene of 40-42 ** of boiling points. The yield of the object 
which deducted a part for a starting material was 72%. 

[0038]2,2-difiuoro-2-chloroethyl iodide obtained by the reference example 4 reference example 
1 {1} 25 g (0.1 1 mol), 18-crown 6 0.36 g, 56-% of the weight potassium hydroxide solution 
Temperature up of 32g and the mixture of 40 ml of decalins was carried out to 80-90 **, stirring 
violently. The volatile matter distilled with advance of a reaction was collected by the trap 
cooled at -30 **, and a 17-g rough product was obtained. When gas chromatography analyzed 
this, the content of the 2,2-difluoroiodoethylene in it was 88%. 

[0039] In the autoclave made from stainless steel of the example capacity 10L, the perfluoro 
octanoic acid ammonium 30g, Prepare 10g of disodium hydrogenphosphate, and the water 5L, 
and nitrogen gas replaces an inside, Vinylidene fluoride [VdF] after deaerating 530g hexafluoro 
propene [HFP] 940g tetrafluoroethylene FTFE] 21 0g2,2-dif!uoroiodoethy!ene 10.2 g was taught. 
Subsequently, temperature up of the temperature in a reactor was carried out to 70 **, stirring 
the inside of autoclave. 

[Q040]The ammonium persuifate 3.0g, 13.5g of 1 ,4-diiodoperfluorobutane, and the 1-iodo-2,2- 
difluoroethylene 10. 2g were pressed fit in autoclave, and the polymerization reaction was 
made to start. It was made to continue for about 6 hours, and the polymerization reaction 
maintained polymerization preassure at 33 - 34 kg/cm 2 G, adding 1.9 kg of VdF-HFP-TFE 
(mole ratio 61.9:21.8:16.3) mixed gas in the meantime. 

[0041 ]The obtained aqueous latex was made condense and dried [ rinsed and ] with the 
calcium chloride aqueous solution after ending reaction, and 2.64 kg of copolymers were 
obtained. 

solution viscosity (35 **, methyl ethyl ketone): - 0.57 di/g Mooney viscosity ML 1+1Q (121 

**):21.7 copolymer composition (mole ratio): - VdF/HFP/TFE=64.6/1 9.3 / 16.1 iodine content: - 
- 0.35 % of the weight [0042] It is MT carbon black to copolymer 100 obtained weight section. 
35 weight sections Trialiyl isocyanurate (Nippon Kasei Chemical product TAIC60) 4 ** organic 
peroxide (Yoshitomi and Atochem product Luperco 101 XL) 3 ** zinc oxide Add 5 ** and it 
kneads with a roll, The press cure of the obtained kneaded material was carried out for 10 
minutes at 170 **, and vulcanization molding was carried out to a sheet shaped and ring shape 
(P-24). 

[0043]ln comparative example 1 example, the amount of 1 ,4-diiodoperfluorobutane was 
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changed into 18.0 g, the copolymerization reaction was performed, without using 2,2- 
difluoroiodoetbylene, and 2,58 kg of copolymers were obtained, 

solution viscosity (35 **, methyl ethyi ketone): - 1.09 di/g Mooney viscosity Ml_ 1+10 (121 

*'):58.0pts copolymer composition (mole ratio); - VdF/HFP/TFE=64.7/18.5 / 16.8 iodine 
content: - about the copolymer obtained 0.4% of the weight. The same vulcanization and 
measurement as an example were performed. 

[0044]ln comparative example 2 example, the amount of 1 .,4-cfiiodoperfluorobutane was 
changed into 27.0 g, the copolymerization reaction was performed, without using 2,2- 
difluoroiodoethylene, and 2.8 kg of copolymers were obtained. 

solution viscosity (35 **, methyl ethyl ketone): - 0.53 dl/g Mooney viscosity ML 1+1Q (121 

**):1 1 .8pts copolymer composition (mole ratio): VdF/HFP/TFE=65.3/18.5 / 16.2 iodine 
content: - about the copolymer obtained 0.5% of the weight. The same vulcanization and 
measurement as an example were performed. 

[0045]The measurement result in an example and each comparative example is shown in the 
next table. 

F<ont parameter fruit ** Example comparative example 1 comparative-example 2JMooney 
viscosity, Scorching] M!_ 1+4 (pts) 29. 72 17MLmin (pts) 26. 68 14 t g (minute) 13.1. 11.1 26 

[normal-state physical properties] Hardness 72. 72 69 100% modulus (MPa). 7.8 4.3 4.0 
tensile strength (MPa). 23.9 21.2 Are extended 21.9. (%). 220 320 270 [heat-resistant aging 
nature] Hardness change , -1 -1 -2 100% modulus rate of change (%). -30 -38 -35 tensile 
strength change . (%) -18 -38 -23 elongation change . (%) +26 +53 +30 [compression set; (%)] 
25 33 28 [flowability] Q value (cm 3 / second) 2.0x10 " 3 0.9x10 " 3 1.5x10 " 3 Mooney viscosity, 
Scorching: Hardness:DIN 53 by JIS K-6300 The 100% modulus by 505, Tensile strength and 
elongation:DIN 53 The compression set by 504: DIN 53 Flowability by 517 : A die 1 mm in 
diameter, and 1 mm in length using the quantity-ized type flow tester which has, [ Temperature 
of 150 **, ] Q value under the conditions of load 10 kg/cm 2 

[Translation done.] 
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